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(54) Title: DIFFERENTIAL PRESSURE VALVE FOR CONTROLLING A SYSTEM HAVING A HEAT CARRYING MEDIUM 




(57) Abstract 

The invention relates to a differential pressure valve for the control of a plant with a heat carrying medium, the said differential 
pressure valve having a membrane (8) controlled by a differential pressure for the regulation of the flow of the heat carrying medium 
between an inlet (5) and an outlet (1 1), an adjustable closing member (1) between the inlet (5) and the membrane (8) as well as electrically 
activated members (25, 26; 20), in that the differential valve has one or more fixed openings (7), the areas of which can be changed linearly 
by providing the closing member (1) with the electrically activated members (25, 26; 20). In a first embodiment the said electrically 
activated members are servo-hydraulic members (25) which by means of a solenoid valve (26) can forcibly close the membrane, and in 
a second embodiment these members are a motor (20) being able to displace the closing member (1), thereby closing it. The invention 
is configured as parts to be inserted in a known differential pressure valve without dismounting, it in such a plant. It is the object of the 
invention in very small steps to control the flow in the whole plant, in a single part thereof or in several sections of a cooling or heating 
plant, each section being divided into zones. 
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DIFFERENTIAL PRESSURE VALVE FOR CONTROLLING A SYSTEM HAVING 
A HEAT CARRYING MEDIUM 

5 

The present invention relates to a differential pressure 
valve, especially for controlling the liquid flow in a 
plant for central heating or air-conditioning or a similar 
plant with a heat carrying, fluid medium, the said differ- 

10 ential pressure valve having a membrane controlled by a 
pressure differential for regulating the flow of the heat 
carrying medium between an inlet and an outlet, an adjust- 
able closing member between the inlet and the membrane and 
electrically activated members arranged to be able to close 

15 the differential pressure valve by force or by time control 
independently of the flow in the valve. 

The plant may for example be a circulation plant where the 
fluid medium after being heated gives off heat to or after 
20 being cooled takes up heat from the surroundings or to/from 
a secondary fluid medium through at least one heat ex- 
changer or a similar object. Such plants are generally 
called heating plants or cooling plants (air-conditioning), 
respectively. 

25 

Such a plant is known from USA patent no. 5,178,324 and is 
configured in such a manner that it is possible to control 
the flow in the whole plant, in a single part of the plant 
or in several sections of a plant being divided into zones. 

30 

This plant comprises several heat exchangers, each provided 
with a valve, the said heat exchangers being arranged to be 
placed in a number of at least one in each their room in a 

building_.wher.e_the_jdif f.erential_..pressur.e._valve_is._pr.ovided 

35 in the plant piping. 
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However, the known plant is encumbered with the drawback 
that it is controlled solely by the flow in the plant by 
means of the differential pressure valve. Consequently, the 
valve cannot operate dynamically and nor can it be adjusted 

5 accurately to a predetermined flow in the plant in order to 

achieve an improved operating economy, if the temperature 
conditions or the winds inside or outside the building 
change. Therefore, if such changes occur it will be neces- 
sary to intervene to manually bring the closing member into 

10 another position. 

From USA patents nos . 5,213,303, 3,112,094 and 4,180,236 
are moreover known differential pressure valves of the type 
described in the introduction. The known valves are con- 

15 figured to operate statically and therefore they cannot 
limit the flow to a certain flow in a plant being provided 
with the valves to ensure a hydraulic balance in the plant. 
Nor are the valves configured in such a manner that a modi- 
fication can be carried out while they are mounted. Be- 

20 sides, for reasons of economy it is generally necessary to 
replace the valves by new valves instead of rebuilding 
them. 

Therefore, it is the object of the present invention to 
25 produce a differential pressure valve which can replace the 
known differential pressure valve as a matter of course, or 
to indicate such modifications of the known differential 
pressure valve that these modifications can be mounted on 
or inserted in the known differential pressure valve with- 
30 out dismounting it to the effect that by means of the 
modified differential pressure valve the possibility is 
provided of limiting the flow in the plant automatically to 
a predetermined, adjustable maximum size in connection with 
a dynamic reduction of the flow which automatically ensures 
35 the hydraulic balance in a versatile plant. 



WO 95/17622 



3 



PCT7DK94/00465 



The object is achieved by a differential pressure valve of 
the above type which according to the invention is charac- 
terized in that the differential pressure valve for pread- 
justment of the flow has one or more fixed openings, the 
5 area of which can be changed linearly by providing the 

closing member with the electrically activated members. 

Due to the dynamic function of the valve the accuracy of 
the regulation does not depend on fluctuations of the dif- 
10 ferential pressure and its distribution in the plant. 

Therefore, the plant can be configured without regard to 
the concept "valve authority" . 

A number of advantages are obtained with the differential 
15. pressure valve according to the invention: 

- automatic control of the flow, 

- possibility of adjustment in very small steps, 

- linear flow characteristic, 

20 - possibility of very precise adjustment of the steps, 

- automatic adjustment of control /feedback signals, 

- possibility of display of setting, 

_ possibility of application of electronic equipment. 

The possibility is moreover provided of modifying a known 
plant of the mentioned type in such a manner that it is un- 
necessary to dismount the known differential pressure valve 
in that instead it is sufficient to simply dismount a 
single part of the differential pressure valve or to mount 
a part on it. Thus, the costs and the drawbacks caused by 
the readjustment are limited significantly. 

Xn a first embodiment these members comprise a servo- 
hydraulic mechanism which through a two-way or a three-way 
35 solenoid valve with an on/off^ activation- can>- force the mem- 
brane to close., 



25 



30 
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In a second embodiment the electrically activated members 
comprise a motor which is arranged to be able to displace 
the closing member between a closed and an open position. 

The independent claims disclose expedient measures in the 
differential pressure valve according to the invention. 



The differential pressure valve according to the invention 
will be described in closer detail below with reference to 
the drawing, in which 



fig- 1 is a schematic view of a known differential 
pressure valve configured as a self-acting regu- 
15 lating valve with a hand-operated closing member 

for the adjustment of the maximum medium circu- 
lation in a plant applying a heat carrying me- 
dium, 



20 fig. 



shows an embodiment of the known differential 
pressure valve in fig. 1 to be built into the 
piping in a plant applying a heat carrying me- 
dium, 

25 fig- 3 shows the flow as a function of the displacement 

of the differential pressure valve in figs. 1 
and 2, 



30 



35 



fig. 4 is a schematic view of a first embodiment of a 
differential pressure valve according to the 
invention, 

fig. 5 shows the first embodiment of the differential 
pressure valve according to the invention in 
'figi- 4- conf igured, as- a , self-acting- regulating 
valve with a hand-operated adjustment of the 
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displacement of the valve and a servo-hydraulic 
activation through an on/off or an off/on solen- 
oid valve. 

5 fig- 6 is a schematic view of the first embodiment of 

the differential pressure valve according to the 
invention in fig. 4 applied in a combination of 
zone regulation and limitation of the flow to a 
predetermined value, 

10 

fig m 7 is a schematic view of a second embodiment of a 
differential pressure valve according to the 
invention configured as a self-acting regulating 
valve with a motor-operated adjustment of the 
15 displacement of the valve, 

fig. 8 shows six DIP-switches for use in the coding of 
a desired point of operation in a motor- 
controlled valve according to the invention, 

20 

figs. 9 a, b, c show a table of the flow in litre/sec 
for positions of the DIP-switches in fig. 8, 

fig. 10 shows a differential pressure valve according to 
25 the invention applied for regulating the room 

temperature in an air-conditioning plant and for 
limiting the flow in order to maintain the 
hydraulic balance in a large versatile plant, 

30 fig* 11 is a schematic view of a differential pressure 

valve according to the invention applied in a 
district heating plant with indirect connection 
for regulation of the return temperature on the 
primary side and for limitation of the flow to a 

35 predetermined value (point* of* balance K 
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fig. 12 shows a differential pressure valve according to 
the invention applied for registering the power 
and energy consumption in a heating/cooling 
plant while simultaneously carrying out the 
5 primary regulation and the limitation of the 

flow, and 

fig. 13 shows the embodiment in fig. 2 where a hand- 
operated control lever is replaced by a motor 
10 for controlling the closing member. 

Fig. 1 shows schematically a known differential pressure 
valve configured as a self-acting regulating valve with a 
hand-operated closing member for the adjustment of the 
15 maximum medium circulation in a plant applying a heat 
carrying medium. 

The medium flows to the differential pressure valve through 
the piping 2 to a manually adjustable valve 1. The flow 
20 continues to a sel:f -acting regulating valve 3, which by 
means of a membrane maintains a constant pressure differen- 
tial above the valve 1, and flows on back into the plant 
piping 4. 

25 The valve 1 is preferably configured so that the valve 
characteristic (Kv- value) dependence on the displacement is 
linear. This together with the differential pressure regu- 
lation provides a linear dependence on the flow in relation 
to the displacement of the valve 1 according to the equa- 

30 tion: 

Q = Kv*(Dp) 1/2 , 



35 



where Q is the flow in the plant and Dp is the pressure 
differential above -the- valve. 1* which --pressure* differential 
is kept at a constant level by the self-acting regulating 



•I o 
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valve 3. 

Fig. 2 shows a known embodiment of a differential pressure 
valve configured as a self-acting regulating valve -3 with 
5 a hand-operated adjustment of the displacement of the valve 

1 to be built into the piping in one of the above plants, 
cf. fig. 1. 

The medium flows to the valve through the piping 2 through 
10 an inlet 5 and surrounds the lower part of a regulation 
insertion 6. The flow continues radially through one or 
more fixed openings 7. From there, the flow of the medium 
continues axial ly upwards inside the regulation insertion 
6, flows under a membrane 8 and continues radially out of 
15 the regulation insertion 6 through one or more variable 
openings 9. The medium flows to an annular volume 10 and 
continues out into an outlet 11 and onwards out into the 
plant piping 4. 

20 From the inlet 5 .the pressure, through a bore 12, is 
carried up onto the top side of the membrane 8 to a dis- 
placement volume 13. The bore 12 and the displacement 
volume 13 are configured in a cover 49a which can be mount- 
ed as a part of the differential pressure valve by means of 

25 screws or similar securing means. 

By the passage of the medium through the fixed openings 7 
there will be a pressure differential between the inner 
cavity 14 of the regulation insertion 6 and the displace- 

30 ment volume 13. The said pressure differential will affect 
the membrane 8 by an axial force being proportional to the 
area of the membrane 8 being under pressure and the size of 
the pressure differential. Opposite this force an internal 
compressed spring arrangement 15 will react by a force of 

35< ' ' equal strength and create an equilibrium based -on force on 
the membrane 8. The said state of equilibrium is produced 
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by an axial displacement of a contact face 16 between the 
membrane 8 and the spring arrangement 15. By the axial dis- 
placement the wall 17 of the membrane 8 makes a roll along 
the inner cylindrical wall 18 of the regulation insertion 6 
5 and the point of the roll thereby cuts off the variable 

openings 9 to some extent or other. Consequently, the size 
of the variable openings 9 depends on the axial position of 
the contact face 16 imparted by the equilibrium of force. 

10 By the passage of the medium through the variable openings 
9 there will likewise be a pressure differential between 
the inner cavity 14 of the regulation insertion 6 and the 
annular volume 10. The said pressure differential will 
depend on the size of the variable openings 9 and the flow 

15 through the plant. 

Together the two pressure differentials created by the 
passage of the medium through the fixed openings 7 and the 
variable openings 9, respectively,, provide the total pres- 

20 sure differential in the whole plant. The total pressure 
differential is distributed in such a manner that above the 
fixed openings 7 there will be an approximated constant 
pressure differential which is independent of the total 
pressure differential. The size of the approximated pres- 

25 sure differential only depends on the construction-related 
relations between forces and changes of force in the spring 
arrangement 15 and on the compressed area of the membrane 
8. 

30 Due to the approximated pressure differential provided 
above the fixed openings 7 the flow through the plant will 
remain constant independently of the total pressure differ- 
ential . 

35 By rotating a spindle 22 manually a cup 1*9^ wi*ll* be moved 
axially in relation to the regulation insertion 6 and 
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thereby cut off the fixed openings 7 more or less. 

The value of the adjustment of the fixed openings 7 can 
hereby be changed as a function of the axial movement of 
the cup 19 (or displacement of the valve 1). 

The shape of the fixed openings 7 can easily be configured 
so that the area of the opening is changed linearly as a 
function of the displacement. Under these circumstances the 
predetermined flow will vary linearly in relation to the 
displacement . 

The flow can be verified by a differential pressure meas- 
urement between two measuring nipples replacing the shown 
plugs 23 and 24. The measured pressure differential is con- 
verted to flow in the equation: 

Q = Kv*(Dp) 1/2 , 



20 where the Kv-value is stated in relation to the displace- 
ment of the valve 1 (an equation-related expression or 
referring to a graph). 

Fig. 3 shows the flow as a function of the displacement of 
25 the valve 1. 

Fig. 4 shows schematically a first embodiment of a differ- 
ential pressure valve according to the invention configured 
as a self-acting regulating valve 3 with a hand-operated 

30 adjustment of the displacement of the valve 1 and a servo- 
hydraulic activation 25 through an on/off or an off /on 
solenoid valve 26 to be used as for example an on/off con- 
trol of the heat radiation in a heating plant or of the 
taking up of heat in an air-conditioning plant, respect- 

35 ively. 
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Fig. 5 shows the first embodiment of a differential pres- 
sure valve according to the invention in fig. 4 correspond- 
ing to the modified differential pressure valve in fig. 2. 

5 From the displacement volume 13 the medium flows through an 

equalizer 40 to another displacement volume 41 and from 
here through an internal inclined bore 42 to a chamber 43, 
Through a seat part 44 belonging to the solenoid valve 26 
the medium can flow on through a bore 45 to the outlet 11 

10 and onwards out into the piping 4. 

In the shown embodiment of the invention the solenoid valve 
26 is a two-way normally open valve (N/O), thus being open 
to the passage of medium in a dead state. The valve may 
15 also be of the type two-way normally closed valve (N/C). 



In the open state of the solenoid valve 26 shown in fig. 5 
there will, because of the flow, be a differential pressure 
between the displacement volumes 13 and 41. The size of the 
differential pressure will be defined by the relation 
between the area of passage in the equalizer 40 and the 
bore 45. 



The said differential pressure will affect a membrane 46 by 
25 an axial force being proportional to the area of the mem- 
brane being under pressure and the size of the differential 
pressure between the displacement volumes 13 and 41. The 
force will secure the membrane 46 in a position where a 
pressure spring 47 is compressed and a membrane guide 48 
30 abuts a recess 50 provided in a cover 49b. 



In a state (not shown) where the solenoid valve 26 is 
activated to close the seat part 44, there will be no flow 
from the displacement volume 13 through the equalizer 40. 

The pressure in the displacement volume 41 will thereby be 
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equalized to the same pressure as in the displacement 
volume 13 through the equalizer 40 and the pressure spring 
47 will exert an axial force resulting in an axial movement 
of the membrane 46, whereby the nozzle part 51 secured to 
the membrane 46 is brought to touch the membrane 8. The 
reserve of force in the pressure spring 47 must be so large 
that it can overcome the resulting contrary force from the 
spring arrangement 15. Hereby the axial movement of the 
membrane 46 and the nozzle part 51, after having touched 
the membrane 8, will continue the axial movement until a 
guide 52 for the membrane 8 is mechanically stopped by 
three radially extending ribs 53 in the regulation inser- 
tion 6. The membrane wall 17 will thereby, by a roll down 
along the inner cylindrical wall 18 in the regulation in- 
15 sertion 6, cut off the variable openings 9 completely, 
thereby forcing the regulating valve to close. 

As an alternative to a two-way solenoid valve 26 a three- 
way solenoid valve may advantageously be applied if at the 
same time the hole in the equalizer 40 is omitted to the 
effect that the pressure in the displacement volume 41 is 
changed from a high level to a low level by activation/ 
deactivation of the solenoid valve. 



20 



25 



30 



35 



The solenoid valve 26, the regulating nozzle 40, the dis- 
placement volume 41 and the seat part 44 are coupled to the 
displacement volume 13 through the inlet 5 and the outlet 
11 of the regulating valve. 

It will be clear that the servo -hydraulic activation 25 
being arranged to forcibly close the membrane 8 comprises 
the regulating nozzle 40, the displacement volume 41, the 
bore 42, the chamber 43, the seat part 44, the bore 45, the 
membrane 46, the pressure spring 47, the membrane guide 48, 
the recess 50 and the nozzle part, 51>„ these, parts being 
configured in a cover 49b which can replace the cover 49a 
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in the known differential pressure valve as shown in fig. 
2. 

Fig. 6 shows schematically the first embodiment of a dif- 
5 ferential pressure valve according to the invention as 

shown in figs- 4 and 5 and as a servo-controlled, self- 
acting regulating valve 60 applied for a combined zone re- 
gulation and limitation of the flow to a preset value. 

10 This provides the possibility of forcibly closing off spe- 
cific zones in a complete plant in fixed or variable time 
intervals. Such a plant may comprise room temperature 
sensors 29 and cooling surfaces 28 for water /air - 

15 Fig. 7 shows schematically a second embodiment of a differ- 
ential pressure valve according to the invention as a self- 
acting regulating valve with an electric activation of the 
displacement - 

20 The medium flows to the closing member 1 of the differen- 
tial pressure valve through the piping 2 to a valve 1 con- 
trolled by a motor 20. Then the medium flows to the self- 
acting regulating valve 21, which maintains a constant dif- 
ferential pressure above the valve 1, and onwards back into 

25 the piping 4. 

Depending on the circumstances, the motor 20 can be a 
linear motor or, as shown in fig. 13, a rotatable electric 
motor provided with a pinion for converting the rotation of 
30 the motor to a linear movement. 

In the valve 1 controlled by the motor 20 the displacement 
may for example be preset for a point of balance which can 
be a mechanical point of balance in the valve/motor or an 
35 electric point of balance in the. motor, 20.,, ,,so that the dis- 
placement of the valve 1 is limited from closed valve to a 
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preset point of operation. 

The desired point of operation may be preset by an electric 
reduction of the area of operation of the motor. By a 

5 rotatable motor the said reduction may range from 1.0 to 

6.0 which indicates the maximum number of motor revolutions 
counted from completely closed valve 1. The reduction is 
advantageously carried out by means of an integrated cir- 
cuit to be adjusted for example by means of six so-called 

10 DIP-switches (see fig. 8) being coded with a binary com- 
bination to the effect that the desired flow is achieved by 
means of a given combination code according to the table 
shown in fig. 9. 

15 The table shows the position of each of the six DIP- 
switches in relation to the desired flow. Additionally, the 
table refers to a position report on a display which can be 
provided on the motor 20. 

20 The position report can be set back to full scale after a 
change of the preset point of balance. 

This means that the motor 20 when started or when adjusted 
later on is first activated to close the closing member 1, 

25 after which the motor is reversed to the desired point of 
balance, i.e. opens the closing member 1 to a selected 
position, thus moving the closing member a certain 
distance. The said distance is hereafter scaled to corres- 
pond to a signal where 0 equals the closed position of the 

30 closing member 1 and 10 equals the point of balance. 

In an interaction between the said self-acting regulating 
valve 21 which is dynamically pressure- relieved and has a 
linear valve characteristic and an electrically activated 
35 motor 20 with a position- which can. be- set-back to full 
scale after a change of the maximum displacement (point of 
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balance), the ideal conditions are provided of an elec- 
tronic regulation of temperature, flow or pressure in one 
of the plants dealt with. 

S In this connection it is an advantage that the valve char- 

acteristic (Kv-value) of the closing member 1 is linearly 
dependent on its displacement, cf. the above equation and 
fig. 3. 



10 



15 



Fig.. 10 shows a differential pressure valve according to 
the invention applied for the regulation of the room tem- 
perature in an air-conditioning plant provided with cooling 
surfaces 28 and for the limitation of the flow in order to 
maintain the hydraulic balance in a large overall system. 



The electric voltage supply to the motor 20 is supplied by 
a control unit 30 through a supply cable 31. The position 
of the motor is reported back to the control unit 30 
through a signal cable 32. The room temperature is measured 
20 by a temperature sensor 29 and is reported back to the 
control unit 30 through a signal cable 33. 

Fig. 11 shows an embodiment of a differential pressure 
valve according to the invention applied in a district 
25 heating plant with indirect connection for the regulation 
of the return temperature on the primary side and for the 
limitation of the flow to a preset value (equilibrium). 

The electric voltage supply to the motor 20 is supplied by 
30 a control unit 30 through a supply cable 31. The position 
of the motor is reported back to the control unit 30 
through a signal cable 32. The return temperature of the 
medium is measured by means of a temperature sensor 38 and 
is reported back to the control unit 30 through a signal 
35 cable 33. 
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Fig. 12 shows a differential pressure valve according to 
the invention applied for the registering of the power and 
energy consumption in a heating/cooling plant while at the 
same time the primary regulation and the limitation of the 
5 flow is carried out. 

The position of the motor 20 which is equivalent to the 
flow in the plant is reported back to a calculation unit 34 
through a signal cable 35. The entrance temperature as well 
10 as the return temperature of the medium are reported back 
to the calculation unit 34 through signal cables 36 and 37. 



In the calculation unit the signals are dealt with in such 
a manner that the power consumption is calculated as a 
function of the flow and the temperature difference between 
the entrance temperature and the return temperature. Addi- 
tionally, an integration of the power consumption within a 
period of time is carried out in order to register the 
energy consumption of the individual section. 



20 
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CLAIMS 

1. A dif ferential pressure valve, especially for the con- 
trol of the liquid flow in a plant for central heating or 

5 air conditioning or a similar plant with a heat carrying, 

fluid medium, said differential pressure valve having a 
membrane (8) controlled by a differential pressure for the 
regulation of the flow of the heat carrying medium between 
an inlet (5) and an outlet (11), an adjustable closing 

10 member (1) between the inlet (5) and the membrane (8) as 
well as electrically activated members (25, 26; 20) arrang- 
ed to be able to close the differential pressure valve by 
force or by time control independently of the flow in the 
valve, characterized in that the differential 

15 pressure valve for the presetting of the flow has one or 
more fixed openings (7), the areas of which can be changed 
linearly by providing the closing member ( 1 ) with the 
electrically activated members (25, 26; 20)- 

20 2. A differential, pressure valve according to claim 1, 
characterized in that the valve has two plugs 
(23, 24) referring to the displacement of the closing 
member (1) and serving the purpose of verifying the flow by 
measurement and subsequent calculated conversion by an 

25 equation or by means of a chart. 

3 § a differential pressure valve according to claim 1, 
characterized in that the electrically 

activated members comprise a servo-hydraulic mechanism (25) 
30 with an on/off activation through a two-way or a three-way 
solenoid valve (26). 

4. A differential pressure valve according to claim 1, 
characterized in that the electrically 

35 " 'activated members comprise- .a motor . (_2QX arranged to dis- 
place the closing member (1) between a closed and an open 
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position. 

5. A differential pressure valve according -to claim 4, 
characterized in that the displacement of the 

5 closing member (1) between the open and the closed posi- 

tions can be preset mechanically in the closing member 
(l)/the motor (20) or electrically in the motor (20). 

6. A differential pressure valve according to claim 5, 
10 characterized in that the position of the dis- 
placement of the closing member (1) can be converted to a 
proportional control signal being at the disposal of an 
electronic calculation unit or control unit (34). 

^5 7 # A differential pressure valve according to claim 5 or 
6, characterized in that the position of the 
displacement of the closing member (1) in relation to an 
arbitrary preset equilibrium can be converted to a propor- 
tional control signal to be reset to full scale after a 

20 change or a preset equilibrium. 

8. Use of the differential pressure valve according to 
claims 1-7 for zone regulation of heating/cooling plants. 

25 g. use of the differential pressure valve according to 
claims 1-7 in interaction with sensors (29, 38) for the 
registration of temperature differences and calculation 
units (34) for signal processing for the surveillance and 
registration of power and energy consumption. 

30 
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